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AttitudeThis paper explores the longitudinal effects of socioeconomic factors (i.e., parent education and family income
level), foreign media, and attitude toward appearance on general and central adiposity among Chinese
adolescents.
A longitudinal analysis was performed using data from the China Seven Cities Study, a health promotion and
smoking prevention study conducted in seven cities acrossMainland China between 2002 and 2005. Participants
included 5,020middle and high school students and their parents. Explanatory variables included foreign media
exposure, attitude toward appearance, parent education, and family income. Three-level, random-effect models
were used to predict general adiposity (i.e., body mass index) and central adiposity (i.e., waist circumference).
The Generalized Estimating Equation approach was utilized to determine the effect of explanatory variables on
overweight status.
Among girls, foreign media exposure was signiﬁcantly negatively associated with general adiposity over time
(β= −0.06, p = 0.01 for middle school girls; β= −0.06, p = 0.03 for high school girls). Attitude toward
appearance was associated with lesser odds of being overweight, particularly among high school girls
(OR = 0.86, p b 0.01). Among boys, parental education was signiﬁcantly positively associated with general
adiposity (β=0.62, p b 0.01 formiddle school boys;β=0.37, p=0.02 for high school boys) and associatedwith
greater odds of being overweight (OR = 1.55, p b 0.01 for middle school boys; OR = 1.26, p = 0.04 for high
school boys). Across all gender and grade levels, family income was signiﬁcantly negatively associated with
central adiposity over time.
Interventions addressing Chinese adolescent overweight/obesity should consider these factors as potential
focus areas.
© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Existing literature has shown amarked increase in the prevalence of
overweight and obesity across Mainland China (Chen, 2008) since the
1980s (Luo and Hu, 2002; Popkin and Doak, 1998). This increasing
trend persists decades later, notably among Chinese adolescents. In), hilary.tanenbaum@cgu.edu
du (C.-P. Chou),
Spruijt-Metz),
.edu (C.A. Johnson),
. This is an open access article under2005, the prevalence of overweight and obese children ages seven to
18 were 7.7% and 3.7%, respectively (Ji and Cheng, 2009). In 2010, the
prevalence of overweight and obese children had increased to 9.9%
and 5.1%, respectively (Ji et al., 2013). The rise in adolescent overweight
and obesity may be explained by economic transitions occurring in
China as it becomes a developed nation (Grifﬁths, 2010; Yang et al.,
2011). Research has also suggested increased residential density
(F. Xu et al., 2010), a shift in nutrition toward a high-fat diet (Du et al.,
2002), and motorized transportation (Bell et al., 2002; Qin et al., 2012)
all contribute to the overweight and obesity epidemic affecting China's
population.
Economic changes in China have also exposed the country to foreign
media, which may impact one's body image (Ata et al., 2007; Luo et al.,
2005). This, in turn, can have a signiﬁcant negative impact on psycho-
logical factors (Tang et al., 2010). Previous research has shown thatthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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greater importance on physical appearance, are more likely to experi-
ence body dissatisfaction and develop risky behaviors, such as cigarette
and alcohol consumption (Xie et al., 2006b). Moreover, weight mis-
perceptions may lead to anxiety and depression (Xie et al., 2003),
school-related stress, and poor academic performance (Xie et al., 2006a).
In addition to China's pervasive exposure to foreign media, socio-
economic status (SES) has emerged as a probable determinant of
overweight and obesity (Xiao et al., 2013). A cross-sectional study
conducted among seventh grade students living in Southern California
andWuhan, China, found that SESwas signiﬁcantly positively associated
with risk of overweight and obesity, particularly among Chinese adoles-
cents (Johnson et al., 2006). Such studies lend itself to previous research
demonstrating the association between SES and obesity in developing
and developed countries (Miech et al., 2006; Sobal and Stunkard, 1989).
Despite mounting evidence that socioeconomic factors, foreign
media, and attitude toward appearance may impact the health of Chi-
nese youth, there are a limited number of longitudinal studies focusing
on the impact external and individual inﬂuencesmayhave on thedevel-
opment of general and central adiposity in Chinese adolescents. There-
fore, the aim of this study was to explore the relationship between
foreign media exposure, attitude toward appearance, parental educa-
tion, family income, and general and central adiposity among Chinese
middle and high school students utilizing longitudinal data from the
Chinese Seven Cities Study (CSCS).
Methods
Data source
TheCSCSwas a prospective observational cohort study implemented
between 2002 and 2005 in seven cities across Mainland China (i.e.,
Chengdu, Hangzhou, Shenyang, Wuhan, Harbin, Kunming, Qingdao).
The objective of the CSCS was to assess the trends and to examine the
inﬂuences on tobacco and substance use, obesity, mental health, and
other related health behaviors among youth, college students, and
adults. Detailed design and sampling procedures, including question-
naire development (Xie et al., 2011), are described elsewhere (Palmer
et al., 2011; Xie et al., 2006a,b). Three waves of data (2002, 2003,
2004) were analyzed for this study. The study sample consists of 5,020
middle (7th graders at baseline) and high school (10th graders at base-
line) students (2,398males; 2,622 females) and their parents residing in
the CSCS study cities. The Institutional Review Boards of the University
of Southern California and Claremont Graduate University approved
the study.
Measures
Foreign media exposure
Foreignmedia exposurewas assessed using the following questions:
(1) Where do your most favorite TV shows come from? (2) Where do
yourmost favorite ﬁlms come from? (3)Where does yourmost favorite
music come from? For each question, students were asked to select one
response from the following options: China, Hong Kong, Taiwan, Japan,
Korea, and USA. Responses to each question were recoded as 0 if China
was indicated and 1 if any other option was indicated. Foreign media
exposure was determined to be the sum score of the three questions
with a possible score ranging from0 to 3. A higher score indicates greater
foreignmedia exposure. Separate exposure scoreswere further obtained
for Asian media (i.e., media originating from Hong Kong, Taiwan, Japan,
and Korea) and United States (US) media.
Attitude toward appearance
Attitude toward appearance was assessed based on students'
responses to three items adapted from the Internalization subscale
of the Sociocultural Attitudes Towards Appearance Questionnaire(Heinberg et al., 1995). Students were asked to indicate their level of
agreement using a 5-point scale (strongly disagree to strongly agree)
for each of the following items: (1) it is important for people to work
hard on their ﬁgures/physiques if they want to succeed in today's
society; (2) attractiveness is very important if you want to get ahead
in our society; (3) in the modern society, it is important to always
look attractive. Attitude toward appearance was determined to be the
sum score of the three items, with a higher score indicating greater
importance is placed on appearance. The Cronbach alpha in this study
was 0.76.
Parent education
Parent education was determined to be the highest level of educa-
tion attainedby either the father ormother of each participating student
at baseline. Parents were asked to indicate their highest level of educa-
tion from categorical increments ranging from “didn't go to elementary
school or didn't graduate from elementary school” to “university gradu-
ate or higher.” Parent responses were further collapsed into below high
school, high school, and college.
Family income
At each wave, monthly family income was determined to be the
highest income reported by either the father or the mother of each
participating student. Monthly family income was collapsed into the
following categories: ≤500yuan (≤$60 USD) per month; 501–2000
yuan ($61–240 USD) per month; and, N2000 yuan (N$240 USD) per
month.
General adiposity
General adiposity is reﬂected by a proxy measure of body mass
index (BMI), calculated as weight in kilograms divided by height in
meters squared. Height and weight were measured using a standard
calibrated scale and stadiometer,with participantswearing light clothes
with either thin socks or no shoes. BMI was then used to classify over-
weight and obesity status. Those deemed to be overweight or obese
had a BMI at or greater than the 85th and 95th percentile of age-
gender-speciﬁc BMI cutoffs recommended by the International Obesity
Task Force (IOTF) (Cole et al., 2000). The categories of overweight and
obesity were combined in the analysis to create a single overweight
and obesity category.
Central adiposity
Central adiposity is described by waist circumference, measured
twice to the nearest centimeter, midway between the rib cage and the
superior border of the iliac crest using a ﬂexible tape with the partici-
pant in a standing position at the end of gentle expiration (Lohman,
1986). A third measure was performed if the two measures differed
by more than 0.5 cm. The average of the measurements was used for
analysis.
Statistical analyses
Statistical analyses were conducted using Statistical Analysis Soft-
ware (SAS), version 9.4. Chi-square tests and independent t-tests were
conducted to evaluate differences between grade levels within gender
for categorical variables and continuous variables, respectively. Three-
level random-effect models implemented with the Proc Mixed proce-
dure in SAS were employed to deal with the nested data of students
nested within school and repeated assessments nested within student
(Fitzmaurice et al., 2004; Littell et al., 1996). In the models, the main-
effect terms of time, time squared, explanatory variables (i.e., foreign
media exposure, attitude toward appearance, parent education, and
family income), and interactions of time and explanatory variables
were included to predict BMI and waist circumference of female and
male participants by grade level over time. In addition, the Generalized
Estimating Equation (GEE) approach was also implemented with the
610 J.Q. Felicitas et al. / Preventive Medicine Reports 2 (2015) 608–614Proc GENMOD procedure in SAS to evaluate the relationship between
explanatory variables (i.e., foreign media exposure, attitude toward
appearance, parent education, and family income) and overweight
status among female and male participants by grade level (Liang et al.,
1986; Zeger and Liang, 1992). City residence dummy variables were
included as covariates in the three-level random-effect models and
the GEE approach. Additional analysis was further conducted replacing
foreign media exposure with Asian media exposure or US media expo-
sure as predictors.
Results
Table 1 presents general characteristics of participants by grade level
within gender. High school girls reported greater exposure to foreign
media and placing greater importance on appearance compared tomid-
dle school girls at baseline (p b 0.001 for both foreign media exposure
and attitude toward appearance). High school boys reported greater
exposure to foreign media and placing greater importance on appear-
ance compared to middle school boys at baseline (p b 0.001 for both
foreign media exposure and attitude toward appearance). Across
genders, parent education of middle school participants signiﬁcantly
differed from high school participants at baseline (p b 0.001 for girls
and boys, separately).
Table 2 presents mean BMI scores, mean waist circumference
measurements, and the prevalence of overweight among participantsTable 1
General characteristics of Chinese Seven Cities Study participants (n = 5020) by grade
within gender (China, 2002-2005).
Girls (n= 2622) Boys (n= 2398)
Middle
school
High
school
Middle
school
High
school
Age at baseline (mean ± SD) 12.6 ± 0.6 15.7 ± 0.6 12.8 ± 0.7 15.9 ± 0.6
City residence (N (%))
Chengdu 178 (14.5) 262 (18.8)⁎ 169 (14.6) 211 (17.0)
Hangzhou 154 (12.6) 194 (13.9) 146 (12.6) 176 (14.2)
Shenyang 194 (15.8) 182 (13.1) 196 (16.9) 159 (12.8)
Wuhan 214 (17.4) 231 (16.6) 194 (16.7) 190 (15.4)
Harbin 156 (12.7) 165 (11.8) 143 (12.3) 162 (13.1)
Kunming 159 (13.0) 132 (9.5) 144 (12.4) 143 (11.6)
Qingdao 172 (14.0) 229 (16.4) 168 (14.5) 197 (15.9)
Media exposure (mean± SD)
Asian media from
Hong Kong, Taiwan, Japan,
and Korea
2.0 ± 1.0 2.3 ± 0.9⁎⁎ 1.7 ± 1.0 1.9 ± 1.0⁎
United States media 0.5 ± 0.7 0.8 ± 0.8⁎⁎ 0.8 ± 0.8 0.9 ± 0.8⁎
All foreign media 2.2 ± 0.9 2.5 ± 0.8⁎⁎ 2.2 ± 0.9 2.3 ± 0.8⁎⁎
Attitude toward appearance
(mean ± SD)
9.7 ± 2.3 10.7 ± 2.0⁎⁎ 9.4 ± 2.5 10.6± 2.1⁎⁎
Parent education (%)
Below high school 28.3 23.4⁎⁎ 28.6 24.3⁎⁎
High school 35.0 47.5 36.9 46.6
College or above 36.7 29.1 34.5 29.2
Family income (%)
Wave 1
b500 yuan/mon 14.0 13.0 14.6 12.1
501–2000 yuan/mon 60.0 61.7 62.5 63.0
N2000 yuan/mon 25.9 25.4 23.0 24.9
Wave 2
b500 yuan/mon 11.5 10.1 11.1 9.7
501–2000 yuan/mon 54.6 58.2 58.5 58.7
N2000 yuan/mon 33.9 31.7 30.4 31.6
Wave 3
b500 yuan/mon 9.8 7.0⁎ 9.7 8.4
501–2000 yuan/mon 54.1 56.1 56.5 54.6
N2000 yuan/mon 36.1 36.9 33.8 37.0
Note. Chi-square tests and independent t-tests were conducted to evaluate differences
between grade levels within gender for categorical variables and continuous variables,
respectively.
Asterisks indicate overall signiﬁcant differences.
⁎ p b 0.05.
⁎⁎ p b 0.001.by grade level within gender at each wave. Across both genders, high
school participants showed higher mean BMI scores and waist circum-
ference measurements compared to middle school participants at
each wave. However, there was a greater prevalence of overweight
amongmiddle school participants compared to high school participants
at each wave.
Table 3 presents results from longitudinal analyses for middle and
high school girls. Results show a signiﬁcant decrease in BMI over time
among middle and high school girls with greater exposure to foreign
media at baseline (β = −0.06, p = 0.01 for middle school girls;
β=−0.06, p = 0.03 for high school girls). Moreover, high school girls
who placed greater importance on appearance had signiﬁcantly lower
BMI scores at baseline (β= −0.11, p = 0.01). Although middle and
high school girls with higher family income levels had signiﬁcantly
higher mean waist circumferences at baseline, waist circumference
was shown to signiﬁcantly decrease over time (β= −1.33, p b 0.01
for middle school girls; β = −1.29, p b 0.01 for high school girls).
Table 3 further presents GEE model results for overweight status
amongmiddle and high school girls. High school girls who placed great-
er importance on appearance at baseline were shown to have signiﬁ-
cantly lesser odds of being overweight (OR = 0.86 with 95% CI of
0.79–0.94, p b 0.01).
Table 4 presents results from longitudinal analyses for middle and
high school boys. Middle school boys with greater exposure to foreign
media (β= 0.29, p = 0.02 for BMI; β= 0.74, p = 0.02 for waist cir-
cumference) and whose parents completed higher levels of education
(β=0.62, p b 0.01 for BMI; β=1.51, p b 0.01 for waist circumference)
not only had signiﬁcantly greater BMI scores but also larger waist
circumferences at baseline. High school boys whose parents completed
higher levels of education were also shown to have signiﬁcantly higher
BMI scores at baseline (β=0.37, p=0.02). Thewaist circumferences of
high school boys whose parents completed higher levels of education
were shown to signiﬁcantly increase over time (β= 0.33, p = 0.04).
Although middle and high school boys with higher family income had
signiﬁcantly higher mean waist circumferences at baseline (β= 1.00,
p b 0.01 for middle school boys; β = 1.31, p b 0.01 for high school
boys), waist circumference was shown to signiﬁcantly decrease over
time as family income levels increased (β= –0.58, p b 0.01 for middle
school boys; β= –1.07, p b 0.01 for high school boys).
Table 4 also presents GEEmodel results for overweight status among
middle and high school boys. Middle and high school boys whose
parents completed higher levels of education had signiﬁcantly greater
odds of being overweight at baseline (OR = 1.55 with 95% CI of 1.28–
1.88, p b 0.01 for middle school boys; OR = 1.26 with 95% CI of 1.02–
1.57, p = 0.04 for high school boys). Additionally, middle school boys
with higher family income also had signiﬁcantly greater odds of being
overweight at baseline (OR= 1.16 with 95% CI of 1.00–1.35, p = 0.05).
Generally, consistent results were observed across additional
models conducted using Asian media exposure or US media exposure
as predictors. However, several inconsistencies must be noted. Among
middle school females, although Asian media exposure was found to
be signiﬁcantly negatively associated with BMI over time (β=−0.06,
p = 0.01), US media exposure was not signiﬁcantly associated with
BMI over time (β=−0.02, p=0.61). Moreover, Asianmedia exposure
(β = 0.16, p = 0.20) and US media exposure (β = 0.34, p = 0.08)
were not signiﬁcantly associated with BMI among middle school
males. Among high school females, Asian media exposure was
found to be signiﬁcantly negatively associated with BMI over time
(β = −0.05, p = 0.03). This opposes what was found when using
US media exposure as a predictor (β = 0.09, p = 0.07) for BMI
among high school females.
Several inconsistencies were further found when using Asian media
exposure and US media exposure to predict waist circumference.
Among middle school males, although US media exposure was signiﬁ-
cantly positively associated with waist circumference (β = 0.97,
p = 0.05), Asian media exposure was not signiﬁcantly associated waist
Table 2
Body Mass Index (BMI), waist circumference, and overweight status of Chinese Seven Cities Study participants (n = 5020) at each wave by grade within gender (China, 2002−2005).
Girls (n= 2622) Boys (n= 2398)
Middle school High school p-valuea Middle school High school p-valuea
BMI (mean kg/m2 ± SD)
Wave 1 19.3 ± 3.3 21.0 ± 3.1 b0.001 20.0 ± 3.8 21.5 ± 3.9 b0.001
Wave 2 19.9 ± 3.3 20.9 ± 2.9 b0.001 20.5 ± 4.0 21.7 ± 3.8 b0.001
Wave 3 20.3 ± 3.1 20.9 ± 3.0 b0.001 20.8 ± 4.0 21.9 ± 3.7 b0.001
Waist circumference (mean cm ± SD)
Wave 1 71.3 ± 9.6 75.9 ± 9.5 b0.001 73.2 ± 10.8 78.4 ± 10.6 b0.001
Wave 2 66.0 ± 8.0 67.6 ± 6.6 b0.001 71.0 ± 10.5 74.5 ± 9.5 b0.001
Wave 3 67.2 ± 7.1 68.5 ± 6.9 b0.001 72.5 ± 10.3 75.9 ± 9.4 b0.001
Overweight (N (%))
Wave 1 183 (14.9) 172 (12.3) 0.05 296 (25.5) 262 (21.2) 0.01
Wave 2 156 (12.7) 125 (9.0) b0.05 274 (23.6) 241 (19.7) 0.02
Wave 3 155 (12.6) 115 (9.0) b0.05 263 (22.7) 195 (18.0) b0.05
a Chi-square tests and independent t-tests were conducted to evaluate differences between grade levels within gender for categorical variables and continuous variables, respectively.
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found to be signiﬁcantly negatively associated with waist circumference
over time among high school females (β=−0.50, p= 0.03). This ﬁnd-
ing opposes whatwas foundwhen using Asianmedia exposure as a pre-
dictor (β= 0.21, p = 0.09) for waist circumference among high school
females.
Discussion
The present study illustrates the impact of socioeconomic factors,
foreign media, and attitude toward appearance on general and centralTable 3
Results of longitudinal analyses among girls participating in the Chinese Seven Cities Study (n
Middle school (n= 1227)
Beta SE
BMI
Time 0.94 0.14
Time*time −0.10 0.04
Foreign media exposure 0.10 0.10
Time*Foreign media exposure −0.06 0.02
Attitude toward appearance 0.04 0.04
Time*attitude toward appearance −0.01 0.01
Parent education −0.01 0.12
Time*Parent education 0.02 0.03
Family income −0.08 0.07
Time*Family income 0.00 0.04
Waist circumference
Time −5.99 0.63
Time*time 3.26 0.18
Foreign media exposure 0.10 0.25
Time*Foreign media exposure −0.04 0.11
Attitude toward appearance 0.12 0.10
Time*Attitude toward appearance −0.08 0.05
Parent education 0.34 0.32
Time*Parent education −0.25 0.15
Family income 1.44 0.32
Time*Family income −1.33 0.20
OR 95% CL
Overweight status
Time 0.80 (0.52,1.21)
Time*time 1.08 (0.97,1.21)
Foreign media exposure 1.05 (0.86,1.27)
Time*Foreign media exposure 0.99 (0.93,1.06)
Attitude toward appearance 0.97 (0.90,1.05)
Time*Attitude toward appearance 1.00 (0.97,1.03)
Parent education 1.15 (0.92,1.45)
Time*Parent education 0.96 (0.87,1.05)
Family income 0.96 (0.77,1.20)
Time*Family income 1.03 (0.90,1.17)adiposity among Chinese middle and high school participants living in
urban cities in Mainland China. Foreign media exposure was found to
signiﬁcantly decrease BMI over time among middle and high school
girls. Moreover, placing greater importance on physical appearance
was related to lesser odds of being overweight and having lower BMI
at baseline among high school girls. Among middle and high school
boys, participants whose parents completed higher levels of education
had greater odds of being overweight andhavinghigher BMI at baseline.
Finally, higher family income levels were signiﬁcantly negatively asso-
ciated with waist circumference measurements over time across all
gender and grade groups.= 2622) by grade (China, 2002–2005).
High school (n= 1395)
p-value Beta SE p-value
b0.01 −0.06 0.15 0.69
0.01 0.03 0.04 0.36
0.36 −0.02 0.10 0.83
0.01 −0.06 0.03 0.03
0.31 −0.11 0.04 0.01
0.38 0.00 0.01 0.96
0.91 0.04 0.12 0.71
0.50 −0.02 0.03 0.55
0.28 0.05 0.07 0.49
0.96 0.04 0.04 0.36
b0.01 −11.13 0.79 b0.01
b0.01 4.72 0.19 b0.01
0.70 0.00 0.26 0.99
0.76 0.06 0.14 0.68
0.26 −0.11 0.10 0.27
0.11 −0.05 0.05 0.33
0.29 0.25 0.32 0.43
0.08 −0.04 0.17 0.81
b0.01 1.42 0.32 b0.01
b0.01 −1.29 0.22 b0.01
p-value OR 95% CL p-value
0.29 0.71 (0.42,1.22) 0.21
0.18 1.14 (0.99,1.31) 0.06
0.64 1.02 (0.83,1.26) 0.87
0.83 0.97 (0.88,1.07) 0.52
0.46 0.86 (0.79,0.94) b0.01
0.92 1.00 (0.96,1.05) 0.84
0.22 0.99 (0.75,1.30) 0.93
0.38 1.07 (0.92,1.24) 0.37
0.73 1.24 (0.96,1.59) 0.10
0.70 0.86 (0.72,1.02) 0.08
Table 4
Results of longitudinal analyses among boys participating in the Chinese Seven Cities Study (n = 2398) by grade (China, 2002–2005).
Middle school (n= 1160) High school (n= 1238)
Beta SE p-value Beta SE p-value
BMI
Time 0.72 0.16 b0.01 0.07 0.18 0.69
Time*time −0.06 0.05 0.19 0.05 0.05 0.30
Foreign media exposure 0.29 0.13 0.02 −0.01 0.14 0.92
Time*Foreign media exposure −0.04 0.03 0.23 −0.04 0.03 0.24
Attitude toward appearance −0.03 0.05 0.53 −0.04 0.05 0.51
Time*attitude toward appearance −0.01 0.01 0.23 0.01 0.01 0.57
Parent education 0.62 0.15 b0.01 0.37 0.16 0.02
Time*Parent education −0.04 0.04 0.27 −0.05 0.04 0.26
Family income 0.01 0.09 0.89 −0.02 0.09 0.85
Time*Family income 0.07 0.06 0.20 0.07 0.05 0.17
Waist circumference
Time −3.78 0.59 b0.01 −5.08 0.75 b0.01
Time*time 1.97 0.18 b0.01 2.79 0.20 b0.01
Foreign media exposure 0.74 0.33 0.02 0.02 0.34 0.95
Time*Foreign media exposure 0.00 0.11 0.97 −0.06 0.13 0.63
Attitude toward appearance −0.18 0.12 0.15 0.00 0.14 0.97
Time*Attitude toward appearance 0.03 0.04 0.47 −0.06 0.05 0.22
Parent education 1.51 0.41 b0.01 0.35 0.41 0.39
Time*Parent education −0.21 0.14 0.14 0.33 0.17 0.04
Family income 1.00 0.31 b0.01 1.31 0.34 b0.01
Time*Family income −0.58 0.20 b0.01 −1.07 0.22 b0.01
OR 95% CL p-value OR 95% CL p-value
Overweight status
Time 0.89 (0.67,1.18) 0.43 1.25 (0.87,1.79) 0.23
Time*time 1.03 (0.96,1.12) 0.42 0.97 (0.88,1.06) 0.46
Foreign media exposure 1.15 (0.98,1.34) 0.10 1.01 (0.84,1.21) 0.93
Time*Foreign media exposure 1.01 (0.95,1.07) 0.69 0.95 (0.87,1.03) 0.18
Attitude toward appearance 0.98 (0.92,1.03) 0.39 0.98 (0.92,1.05) 0.61
Time*Attitude toward appearance 1.00 (0.98,1.02) 0.79 0.99 (0.96,1.02) 0.66
Parent education 1.55 (1.28,1.88) b0.01 1.26 (1.02,1.57) 0.04
Time*Parent education 0.98 (0.90,1.07) 0.60 0.97 (0.88,1.08) 0.63
Family income 1.16 (1.00,1.35) 0.05 1.04 (0.87,1.25) 0.66
Time*Family income 0.97 (0.88,1.08) 0.61 0.99 (0.87,1.12) 0.85
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The signiﬁcant impact of foreign media exposure on adiposity,
particularly among girls, may be explained by gender differences in
preferred body ideals. Cross-sectional analysis of baseline CSCS data
showed that Chinese adolescent boys were more likely to perceive
themselves as being too thin, whereas adolescent girls weremore likely
to perceive themselves as too heavy (Xie et al., 2006b). Similarly, a study
conducted among Chinese adolescents living in Chengdu, China, found
that boys felt pressured to become more muscular, whereas girls were
pressured to lose weight (X. Xu et al., 2010). The study further showed
that themedia served as a signiﬁcant predictor for both girls and boys to
engage in behaviors to lose or gain weight as well as to increase muscle
bulk. Such ﬁndings are alarming, especially given the growing body of
research documenting body dissatisfaction and eating disorder symp-
toms among male and female adolescents in China (Huon et al., 2002;
Jackson and Chen, 2014; Lee and Lee, 2000; Li et al., 2005).
The results obtained using Asian media exposure and US media
exposure as predictors of general and central adiposity support ﬁndings
from a previous study using baseline CSCS data (Xie et al., 2006b).
Future research is warranted to replicate these results and to determine
any observable longitudinal trends. Moreover, additional research is
needed to determine underlying mechanisms causing the distinguish-
able impact Asian media and US media may have on adiposity.Attitude toward appearance
Pressures stemming from social inﬂuences may further explain the
effect of attitude toward appearance on BMI and overweight status,particularly among high school girls. A study conducted among adoles-
cents living in northeastern US showed that girls at a high risk for neg-
ative eating attitudes and behaviors experienced signiﬁcantly greater
pressure to lose weight from family, friends, and media compared to
those deemed to be at a lower risk (Ata et al., 2007). Studies conducted
in China further show the impact of parental inﬂuence on adolescent
weight and weight perception. For example, a study conducted among
adolescents attending schools in Hong Kong found that the most pre-
valent source of “too fat” comments was mothers (Lo et al., 2009). The
study further showed that receiving incorrect comments about weight
from social sources was positively associated with weight misper-
ceptions. Collectively, media and social pressures may affect not only
body ideal preference but also the level of importance placed on
appearance.
Socioeconomic factors
Results from our study also suggest that Chinese adolescent boys in
households with high parental education and family income may be at
greater risk for overweight or obesity. These results oppose what has
been found in studies conducted in Western countries, like the United
States, where individuals in lower SES groups are often more at risk
for overweight or obesity (Wang, 2001). This observation is further
exempliﬁed in a cross-sectional study conducted among adolescents
living in Jiangsu Province, China, which found that high SES was posi-
tively associated with high-energy foods (Shi et al., 2005). As China
becomes an increasingly developed nation, economic transitions, such
as technological advances and greater accessibility to high-energy
foods (Finkelstein et al., 2005; Swinburn et al., 2011), may play a role
in the prevalence of overweight and obesity among Chinese youth.
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between family income and central adiposity over time. Future research
is warranted to monitor and further explore the association between
socioeconomic factors and overweight and obesity, particularly among
Chinese adolescents.
Parental education
Parental education was also found to signiﬁcantly impact general
and central adiposity of boys. The reason behind this ﬁnding is not
clear. This result may be related to China's historical preference of
sons over daughters (Das Gupta et al., 2003) or the cultural preference
for overweight baby boys. Future research is needed to elucidate if
and how parent education may disproportionately affect Chinese
adolescent boys compared to girls.
Study limitations
Several limitationsmust be consideredwhen interpreting the results
of this study. The study utilizes data that were last collected in 2005.
Despite the aged data, this study is one of the ﬁrst efforts investigating
the longitudinal linkages between speciﬁc factors (i.e., foreign media,
attitude toward appearance, SES factors) and Chinese adolescent adi-
posity. The results of this study contribute to the growing need of ad-
dressing and investigating the persistent burden of obesity affecting
Chinese adolescents (Sun et al., 2014).
Although BMI measures have been conventionally used to deter-
mine weight status, research has shown that the growth patterns of
Chinese adolescents may differ from adolescents of other ethnic groups
(Xiong et al., 2012). Because the IOTF BMI cutoffs used to determine
weight status are based upon samples from six countries, the cutoffs
used may not be realistic and/or accurate speciﬁcally for Chinese
youth. However, the IOTF cutoffs have been extensively used in Chinese
adolescent obesity research (Cui et al., 2010; Luo and Hu, 2002; Wang
and Lobstein, 2006) and have produced comparable results to other
international references (Wang and Wang, 2002).
Further bias may also be introduced into the results due to the
nature of self-reported data. Additionally, the limited number of items
used to measure several variable constructs may not reﬂect objective
and true measures of participants' experiences. SES is a complex,
multi-dimensional construct that may be operationalized with varying
combinations of factors. However, parent education has been found to
be a reliable measure of SES (Liberatos et al., 1988), and it has been sug-
gested researchers investigate the effect of individual SES components
on obesity risk separately (Ball et al., 2002).Moreover, the study utilized
a broad measure of media exposure that did not include measures of
exposure intensity, duration, and content. Future research is called
upon to consider comprehensive measures of media exposure.
Conclusions
This study adds to the dearth of longitudinal research using parent
and child data from China to assess inﬂuences on adolescent obesity.
The results show socioeconomic and cultural factors—foreign media
exposure, value placed on appearance, parent education, and family
income—signiﬁcantly impact general and central adiposity of Chinese
adolescents over time. Given the changing economic and social condi-
tions occurring in China, the signiﬁcant relationships found in this
study warrant the need for future research to replicate and observe
these associations over time. Future research is also encouraged to
elucidate the underlying mechanisms of these inﬂuences on adolescent
adiposity and how they may be related to weight-related behaviors,
such as diet and physical activity. Integrating these factors into obesity
interventions may lead to improved program efﬁcacy, which, in turn,
may impose a greater impact on the obesity burden persistently affect-
ing China's youth. Because the strength of these effects differ acrossgender and grade levels, an intervention design that is targeted at
particular age or gender groups may be even more beneﬁcial.
Conﬂict of interest statement
The authors declare there are no conﬂicts of interest.
Acknowledgments
This research was supported by the Claremont Graduate University/
University of Southern California Transdisciplinary TobaccoUseResearch
Center (TTURC), funded by the National Institutes of Health (grant no. 1
P50 CA84735-01), and the Sidney R. Garﬁeld Endowment. Manuscript
preparation was partially supported by the research grant from the Na-
tional Cancer Institute (NCI) (1 R03 CA172985-01). The authors thank
the China Seven Cities Study (CSCS) directors and project staff at the Cen-
ters for Disease Control and Prevention in the cities of Chengdu, Hang-
zhou, Harbin, Qingdao, Shenyang, and Wuhan and the Institute for
Health Education in Kunming, People's Republic of China, for assistance
with project coordination and data collection. We also thank the princi-
pals, physicians, and teachers in the participating schools for their coop-
eration. Finally, we express our gratitude to the national Chinese Center
for Disease Control and Prevention, Peking University School of Public
Health, and the municipal government, Health Bureau, and Education
Committee in each participating city for their support.
References
Ata, R.N., Ludden, A.B., Lally, M.M., 2007. The effects of gender and family, friend, and
media inﬂuences on eating behaviors and body image during adolescence. J. Youth
Adolesc. 36 (8), 1024–1037. http://dx.doi.org/10.1007/s10964-006-9159-x.
Ball, K., Mishra, G., Crawford, D., 2002. Which aspects of socioeconomic status are related
to obesity among men and women? Int. J. Obes. Relat. Metab. Disord. 26 (4), 559.
Bell, A.C., Ge, K., Popkin, B.M., 2002. The road to obesity or the path to prevention: motor-
ized transportation and obesity in China. Obes. Res. 10 (4), 277–283. http://dx.doi.
org/10.1038/oby.2002.38.
Chen, C.M., 2008. Overview of obesity in Mainland China. Obes. Rev. 9 (s1), 14–21.
Cole, T.J., Bellizzi, M.C., Flegal, K.M., Dietz, W.H., 2000. Establishing a standard deﬁnition
for child overweight and obesity worldwide: international survey. BMJ 320 (7244),
1240.
Cui, Z., Huxley, R., Wu, Y., Dibley, M.J., 2010. Temporal trends in overweight and obesity
of children and adolescents from nine provinces in China from 1991–2006. Int.
J. Pediatr. Obes. 5 (5), 365–374. http://dx.doi.org/10.3109/17477166.2010.490262.
Das Gupta, M., Zhenghua, J., Bohua, L., Zhenming, X., Chung, W., Hwa-Ok, B., 2003. Why is
son preference so persistent in East and South Asia? A cross-country study of China,
India and the Republic of Korea. J. Dev. Stud. 40 (2), 153–187.
Du, S., Lu, B., Zhai, F., Popkin, B.M., 2002. A new stage of the nutrition transition in China.
Public Health Nutr. 5 (1a). http://dx.doi.org/10.1079/PHN2001290.
Finkelstein, E.A., Ruhm, C.J., Kosa, K.M., 2005. Economic causes and consequences of
obesity. Annu. Rev. Public Health 26 (1), 239–257. http://dx.doi.org/10.1146/annurev.
publhealth.26.021304.144628.
Fitzmaurice, G.M., Laird, N.M., Ware, J.H., 2004. Applied longitudinal analysis. John Wiley
& Sons.
Grifﬁths, S.M., 2010. Leading a healthy lifestyle: the challenges for China. Asia Pac. J. Public
Health 22 (3 Suppl.), 110S–116S. http://dx.doi.org/10.1177/1010539510373000.
Heinberg, L.J., Thompson, J.K., Stormer, S., 1995. Development and validation of the socio-
cultural attitudes towards appearance questionnaire. Int. J. Eat. Disord. 17 (1), 81–89.
http://dx.doi.org/10.1002/1098-108X(199501)17:1b81::AID-EAT2260170111N3.0.
CO;2-Y.
Huon, G.F., Mingyi, Q., Oliver, K., Xiao, G., 2002. A large-scale survey of eating disorder
symptomatology among female adolescents in the People's Republic of China. Int.
J. Eat. Disord. 32 (2), 192–205. http://dx.doi.org/10.1002/eat.10061.
Jackson, T., Chen, H., 2014. Risk factors for disordered eating during early and middle
adolescence: a two year longitudinal study of mainland Chinese boys and girls.
J. Abnorm. Child Psychol. 42 (5), 791–802. http://dx.doi.org/10.1007/s10802-013-
9823-z.
Ji, C.Y., Cheng, T.O., 2009. Epidemic increase in overweight and obesity in Chinese children
from 1985 to 2005. Int. J. Cardiol. 132 (1), 1–10. http://dx.doi.org/10.1016/j.ijcard.
2008.07.003.
Ji, C.Y., Chen, T.J., Working Group on Obesity in China (WGOC), 2013. Empirical changes
in the prevalence of overweight and obesity among Chinese students from 1985 to
2010 and corresponding preventive strategies. Biomed. Environ. Sci. 26 (1), 1–12.
http://dx.doi.org/10.3967/0895-3988.2013.01.001.
Johnson, C.A., Xie, B., Liu, C., et al., 2006. Socio-demographic and cultural comparison of
overweight and obesity risk and prevalence in adolescents in Southern California
and Wuhan, China. J. Adolesc. Health 39 (6), 925.e1–925.e8. http://dx.doi.org/10.
1016/j.jadohealth.2006.07.011.
614 J.Q. Felicitas et al. / Preventive Medicine Reports 2 (2015) 608–614Lee, S., Lee, A.M., 2000. Disordered eating in three communities of China: a compar-
ative study of female high school students in Hong Kong, Shenzhen, and rural
Hunan. Int. J. Eat. Disord. 27 (3), 317–327. http://dx.doi.org/10.1002/
(SICI)1098-108X(200004)27:3b317::AID-EAT9N3.0.CO;2-2.
Li, Y., Hu, X., Ma, W., Wu, J., Ma, G., 2005. Body image perceptions among Chinese children
and adolescents. Body Image 2 (2), 91–103. http://dx.doi.org/10.1016/j.bodyim.2005.
04.001.
Liang, K.Y., Beaty, T.H., Cohen, B.H., 1986. Application of odds ratio regression models for
assessing familial aggregation from case-control studies. Am. J. Epidemiol. 124 (4),
678–683.
Liberatos, P., Link, B.G., Kelsey, J.L., 1988. Themeasurement of social class in epidemiology.
Epidemiol. Rev. 10, 87–121.
Littell, R.C., Milliken, G.A., Stroup, W.W., Wolﬁnger, R.D., 1996. SAS System for Mixed
Models. SAS Institute, Incorporated.
Lo, W.-S., Ho, S.-Y., Mak, K.-K., Lai, Y.-K., Lam, T.-H., 2009. Adolescents' experience of
comments about their weight – prevalence, accuracy and effects on weight mis-
perception. BMC Public Health 9 (1), 271. http://dx.doi.org/10.1186/1471-2458-9-271.
Lohman, T.G., 1986. Applicability of body composition techniques and constants for
children and youths. Exerc. Sport Sci. Rev. 14, 325–357.
Luo, J., Hu, F.B., 2002. Time trends of obesity in pre-school children in China from 1989 to
1997. Int. J. Obes. 26 (4), 553–558. http://dx.doi.org/10.1038/sj.ijo.0801944.
Luo, Y., Parish, W.L., Laumann, E.O., 2005. A population-based study of body image
concerns among urban Chinese adults. Body Image 2 (4), 333–345. http://dx.doi.
org/10.1016/j.bodyim.2005.09.003.
Miech, R.A., Kumanyika, S.K., Stettler, N., Link, B.G., Phelan, J.C., Chang, V.W., 2006. Trends
in the association of poverty with overweight among us adolescents, 1971-2004.
JAMA 295 (20), 2385–2393. http://dx.doi.org/10.1001/jama.295.20.2385.
Palmer, P.H., Xie, B., Lee, L., et al., 2011. The China Seven Cities Study (CSCS) consortium:
adapting evidence-based prevention science from west to east. Transl. Behav. Med. 1
(2), 283–288. http://dx.doi.org/10.1007/s13142-011-0036-0.
Popkin, B.M., Doak, C.M., 1998. The obesity epidemic is a worldwide phenomenon. Nutr.
Rev. 56 (4), 106–114.
Qin, L., Stolk, R.P., Corpeleijn, E., 2012. Motorized transportation, social status, and adipos-
ity: the China Health and Nutrition Survey. Am. J. Prev. Med. 43 (1), 1–10. http://dx.
doi.org/10.1016/j.amepre.2012.03.022.
Shi, Z., Lien, N., Kumar, B.N., Holmboe-Ottesen, G., 2005. Socio-demographic differences in
food habits and preferences of school adolescents in Jiangsu Province, China. Eur.
J. Clin. Nutr. 59 (12), 1439–1448.
Sobal, J., Stunkard, A.J., 1989. Socioeconomic status and obesity: a review of the literature.
Psychol. Bull. 105 (2), 260–275.
Sun, H., Ma, Y., Han, D., Pan, C.-W., Xu, Y., 2014. Prevalence and trends in obesity among
China's children and adolescents, 1985–2010. PLoS ONE 9 (8), e105469. http://dx.doi.
org/10.1371/journal.pone.0105469.
Swinburn, B.A., Sacks, G., Hall, K.D., et al., 2011. The global obesity pandemic: shaped by
global drivers and local environments. Lancet 378 (9793), 804–814.Tang, J., Yu, Y., Du, Y., Ma, Y., Zhu, H., Liu, Z., 2010. Association between actual weight
status, perceived weight and depressive, anxious symptoms in Chinese adolescents:
a cross-sectional study. BMC Public Health 10, 594–601. http://dx.doi.org/10.1186/
1471-2458-10-594.
Wang, Y., 2001. Cross-national comparison of childhood obesity: the epidemic and the
relationship between obesity and socioeconomic status. Int. J. Epidemiol. 30 (5),
1129–1136. http://dx.doi.org/10.1093/ije/30.5.1129.
Wang, Y., Lobstein, T., 2006. Worldwide trends in childhood overweight and obesity. Int.
J. Pediatr. Obes. 1 (1), 11–25. http://dx.doi.org/10.1080/17477160600586747.
Wang, Y., Wang, J.Q., 2002. A comparison of international references for the assessment
of child and adolescent overweight and obesity in different populations. 56 (10),
973–982. http://dx.doi.org/10.1038/sj.ejcn.1601415 (PublishedOnline: 24 September).
Xiao, Y., Zhao, N., Wang, H., et al., 2013. Association between socioeconomic status
and obesity in a Chinese adult population. BMC Public Health 13 (1), 1–9. http://dx.
doi.org/10.1186/1471-2458-13-355.
Xie, B., Liu, C., Chou, C.-P., et al., 2003. Weight perception and psychological factors in Chi-
nese adolescents. J. Adolesc. Health 33 (3), 202–210. http://dx.doi.org/10.1016/
S1054-139X(03)00099-5.
Xie, B., Chou, C.-P., Spruijt-Metz, D., et al., 2006a. Weight perception, academic perfor-
mance, and psychological factors in Chinese adolescents. Am. J. Health Behav. 30
(2), 115–124.
Xie, B., Chou, C.-P., Spruijt-Metz, D., et al., 2006b. Weight perception and weight-related
sociocultural and behavioral factors in Chinese adolescents. Prev. Med. 42 (3),
229–234. http://dx.doi.org/10.1016/j.ypmed.2005.12.013.
Xie, B., Reynolds, K., Palmer, P.H., et al., 2011. Longitudinal analysis of weight perception
and psychological factors in Chinese adolescents. Am. J. Health Behav. 35 (1), 92–104.
Xiong, K.-Y., He, H., Zhang, Y.-M., Ni, G.-X., 2012. Analyses of body composition charts
among younger and older Chinese children and adolescents aged 5 to 18 years.
BMC Public Health 12 (1), 835–843. http://dx.doi.org/10.1186/1471-2458-12-835.
Xu, F., Li, J., Liang, Y., et al., 2010a. Residential density and adolescent overweight in a
rapidly urbanising region of mainland China. J. Epidemiol. Community Health 64
(11), 1017–1021. http://dx.doi.org/10.1136/jech.2009.094169.
Xu, X., Mellor, D., Kiehne, M., Ricciardelli, L.A., McCabe, M.P., Xu, Y., 2010b. Body dissatis-
faction, engagement in body change behaviors and sociocultural inﬂuences on body
image among Chinese adolescents. Body Image 7 (2), 156–164. http://dx.doi.org/
10.1016/j.bodyim.2009.11.003.
Yang, Z.-Y., Yang, Z., Zhu, L., Qiu, C., 2011. Human behaviors determine health: strategic
thoughts on the prevention of chronic non-communicable diseases in China. Int.
J. Behav. Med. 18 (4), 295–301. http://dx.doi.org/10.1007/s12529-011-9187-0.
Zeger, S.L., Liang, K.Y., 1992. An overview of methods for the analysis of longitudinal data.
Stat. Med. 11 (14-15), 1825–1839.
